INTRODUCTION
Usually temperature sensitivity cannot be neglected when designing a quartz resonator-based device. Even at temperatures lower than 6 K, where the material properties are less sensitive to temperature than at room temperature, the remaining sensitivity has to be considered. The resonant frequency of a quartz crystal resonator is not an exception to this rule: the remaining fractional frequency change versus temperature is typically a few 10 -9 K -1 close to 4 K [1] [2] . This is still too much to realize a stable frequency source even with a temperature control exhibiting a typical gain of 1000: definitely, such an application would need a temperature compensated cut. It should be reminded that quartz resonators look very attractive around 4 K because of their very high quality factor that can be greater than one billion [3] . Conversely, quartz resonators could also be used as temperature sensors provided they are made in an appropriate cut, i.e. a very temperature-sensitive one. In both cases, to design a frequency reference or a temperature sensor the knowledge of the temperature coefficients of the elastic constants of the material is mandatory, the resonance frequency depending on these elastic constants. A set of coefficient values already exists for the quartz crystal since 1975 [4] 
II. METHOD OF CALCULATION
The thermal coefficients can be determine from various experimental principles. It can be from resonant ultrasound spectroscopy, phase velocity measurements by pulse echo overlap methods, laser ultrasonic techniques or combined resonance techniques. Nevertheless, their implementation at cryogenic temperatures arises technical difficulties. The selected alternative consists in probing the temperature sensitivity of resonance frequencies of dedicated quartz devices.
A. Theoretical principle
Basically, a flat plate exhibits bulk acoustic waves (BAW) resonance frequencies derived from where n is the overtone order, 2h the plate thickness, its density, and Ce an elastic coefficient that looks like a combination of the material elastic constants Cijkl depending on the cut orientation with respect to the crystallographic axis in case of quartz because of its anisotropy. All these parameters are temperature dependent yielding to a temperature-dependent frequency. Usually, the frequency-temperature characteristic can be fitted effectively by a 3 rd order polynomial approximation, and this operation can be applied to each parameter. Once experimental frequencytemperature records processed this way, the three corresponding temperature coefficients of the elastic coefficient(s) can be extracted accordingly. The calculation is just somewhat complicated by the fact that there are seven coefficients Cijkl for the quartz crystal. A set of combinations should therefore be considered involving a set of resonator cuts to be tested.
B. Relationships and assumptions
Actually, the tested devices are not flat plates but planoconvex disks, a shape commonly used to trap efficiently the acoustic energy. This is one way to preserve the resonator against disturbances from its environment (i.e. parasitic stresses and then frequency changes), and consequently a kind of guarantee to qualify the material regardless of the device structure. However, the modelling is complicated and the resulting frequency is as follows, according to the StevensTiersten model [5] , one of the most accurate theories: overtones of the (quasi)longitudinal mode, the A mode, of a Xcut. It can be notice that the behaviour of these three plots are rather similar, and sufficiently close together to neglect as a first approximation the dispersion constants M n and P n related to the energy trapping.
When taking into account this last assumption, the calculation of the temperature coefficients of the elastic constants can just be drawn from the expression of eigenfrequencies of the infinite flat plate given by:
where stands for the A, B or C mode (the extensional and both thickness shear modes respectively), is the coupling electromechanical coefficient, and r the ratio of electrode and resonator masses.
Nevertheless, some additional assumptions can still be made in equation (2) by considering some orders of magnitude. First, the last term within parentheses, r, typically in the order of 10 -3 , can be considered as a constant over the small temperature range used in this study. Consequently, it is not temperature dependent and then not involved in the following calculation. Moreover, the electromechanical coefficient has a small value, and decreases significantly for high overtones: thus, it can also be neglected. Furthermore, it can be shown that the effective elastic coefficients take values close to their version without piezoelectricity (without the top bar) which are the eigenvalues of the Christoffel tensor [6] . As a result, the issue becomes a pure mechanical one.
The cubic shape of the frequency-temperature characteristics observed experimentally implies that the thermal coefficients of the elastic constants should be provided up to the third order as well. The thermal coefficient of elastic constants TCij are link to the thermal sensitivities of effective elastic constants which can be obtained by differentiating equation (2) with respected to temperature ,
where , , and are q-order thermal sensitivities of the effective elastic coefficients, frequency thickness and mass density respectively.
The thermal coefficients of frequency given in Table I are obtained by fitting frequency-temperature characteristics from measurements of five quartz cuts and averaged on several overtone numbers of each tested cut in order to determine the seven elements of the elastic-coefficient tensor for a trigonal 32 material. The thermal coefficients of thickness and mass density are determined [7] by interpolating over [4K-15K] the expansion coefficients given in [8] for quartz material.
III. EXPERIMENT

A. Experimental set-up
Resonators have been tested in a conventional pulse tube cryorefrigerator SRP082B. The resonators are embedded inside an oxygen-free cooper block screwed on its cold stage. The operating temperature is controlled at ±3 mK within [4 K, 15 K] by a Lakeshore 335 probing a cernox sensor and actuating a heater embedded inside the copper block. For a given temperature, the resonator admittance around the frequency of the overtone/mode to be investigated is recorded by means of a network analyzer locked on a hydrogen maser in order to take advantage of the frequency stability and accuracy of the latter. The analyzer provides a 0.001 dB and 0.01° resolution in magnitude and phase respectively with a frequency resolution that can reach 1 mHz. A calibration procedure should be followed before recording, to cancel the influence of the coaxial cable feeding the resonator inside the vacuum chamber and the network analyzer. This calibration involves three coaxial cables ended respectively by a standard , an open circuit and a short circuit. 
B. Devices under test
As mentioned above, a set of dedicated BAW energytrapped resonators with gold electrodes, as shown in Fig. 3 , has been made and tested. The realization of 13 mm diameter planoconvex resonators follows a conventional process: plate orientation with respect to the crystal axis, plate cutting, rounding, lapping, polishing and gold-electrode coating for piezoelectric actuation and readout. Depending on the cut angle of the tested device as well as the targeted mode, the electrical field has to be normal or parallel to the y-axis (see Fig. 1 ). In the latter case, two half electrodes are coated on each side of the resonator instead of both full electrodes (see Fig. 3 ). Table I shows, from left to right, from which cut and modes each experimental frequency-temperature characteristic is taken from, the corresponding frequency coefficients of the polynomial fit, and the targeted elastic coefficient. Quartz-cuts summarized in Table I V. CONCLUSION Resulting data will be used to identify temperature compensated cuts in the very useful range [4 K, 15 K], where quartz resonators exhibit Q-factors of about one billion. Anyway, it is important to keep in mind that there is always a more practical remaining uncertainty in addition to the unavoidable uncertainty due to any theoretical modelling. Indeed, the main uncertainty results from the final cut-angle values after lapping and polishing in the plano-convex shaping process, in addition to the uncertainty about the blank plate angle. Thus, although data given in table II have to be used as the basis of a theoretical guideline, an additional series of tests cannot be skipped.
